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Airline Fleet Readiness:
Trade-off Analysis of Alternate Maintenance Systems
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Unstable Demand, Fluctuating Prices
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Source: FAA ςATADS and BTS

Average 
Ticket Fare

Air Carrier Traffic 
Operations
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Source: BTS RITA Schedule 12 and NBER



Total Operating Expenses
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Source: BTS
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In Service: 
Producing Revenue

Out for Maintenance:  
Losing Revenue and 

Incurring Costs

Indirect Cost of Maintenance
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Fleet Readiness: The percentage of time 
that a given aircraft is in service
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Frequency of part replacement

Total Cost

Maintenance Costs (direct and indirect)

Other Operating Expenses

Current

Optimal

Goal:
Reduce

Cost Gap

*Note: This figure is not drawn to scale.



Aircraft Complexity
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Source: FlightGlobaland Boeing

άώ! .ƻŜƛƴƎ тот Ƙŀǎϐ остΣллл 
parts; an equal number of bolts, 
rivets and other fasteners; and 

36 miles (58 kilometers) of 
ŜƭŜŎǘǊƛŎŀƭ ǿƛǊŜέ - Boeing



Aircraft Complexity
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System
# of sub-
systems

Navigation 182

Air Conditioning 145

Fire Protection 95

Fuel 93

Communications 75

Doors 73

Lights 63

Equipment/Furnishings 57

Flight Controls 52

Ice and Rain Protection 50

All Others 309

Total: 1194

Boeing 737 Family

Source: Boeing and FAA ςBoeing 737 MMEL
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Problem and Need Statements
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Problem: Maintenancecosts are increasing 
over time.

Need: Airline companies need to reverse the 
current trend of increasing maintenance costs.

Indirect Maintenance Cost 



Approach
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Design and perform a tradeoffanalysis of 
alternate maintenance systems to determine 
an effectivemethod to reduce the number of 
parts replaced and increase fleet readiness



Mission Requirements

1. The system shall conform to all regulations 
imposed by governing bodies of the airline 
and safety industries.

2. The system shall reduce number of 
maintenance actions required by the aircraft.

3. The system shall reduce maintenance-related 
expenses.
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Part 
Condition 
Tracking

Boeing 737 
Family

Mx Actions
Performed

Aircraft, Workshop 
and Enterprise 

Levels

Part 
Replacement

Scope
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Non- Mx
Operating Costs

Other Aircraft 
Makes and 

Models

Mx = Maintenance

Time Spent on 
Each Mx Action

Outsourced 
Mx

Ticket 
Prices

Fluctuating
Demand

Phased Mx
Schedules
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System Operational Scenario

19
Mx = Maintenance



Aircraft Workshop Enterprise

Primary Stakeholders
Secondary Stakeholders

Affected by equipage changes 
and operational changes of 
personnel on each aircraft

Affected by changes in 
infrastructure, operations, and 
equipment that occur in the 
maintenance facility

Affected by changes in airline 
fleet management equipment 
and operations.

Aircraft Flight Crew X

Aircraft Passengers X X

Aircraft Manufacturer X X

Airline Fleet Operator X X X

Airline Fleet Owner X X X

Competing Airlines X X X

Federal Aviation Administration 
(FAA)

X X X

Federal Communications 
Commission (FCC)

X

Maintenance, Repair, and 
Overhaul (MRO) Personnel

X X X

OccupationalSafety and Health 
Administration (OSHA)

X

Tool and Part Manufacturers X X

Tool and Part Shipment Company X

Stakeholder Analysis

20



Stakeholder Interaction Diagram
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Design Alternatives

1. Hangar Transfer
ïInformation is transferred in the 

maintenance facility

ïPreventative based

2. Flight Line Transfer
ïInformation is transferred in 

between each flight

ïCondition based

3. Airborne Transfer
ïInformation is transferred during 

flight

ïCondition based

23

B49

Maintenance Bay



Preventative Based Alternative (1)

ÅPreventative Based Maintenance

ïParts are replaced on a regular schedule, based on 
expected life of each part

ïParts may still be replaced if a scheduled 
inspection identifies a need

ïLimited maintenance data is available through 
existing onboard sensors

ÅHangar Transfer (1)

ïUtilizes only existing maintenance sensors

24



Condition Based Alternatives (2 and 3)

ÅCondition Based Maintenance

ïParts are replaced with consideration for the 
overall condition of the part and the aircraft

ïAdditional sensors required

ÅAdds weight, complexity, and power needs

ÅFlight Line Transfer (2)

ïMay require additional terminal infrastructure

ÅAirborne Transfer (3)

ïMay require additional communications avionics 
and infrastructure

25



Alternative 1: Hangar Transfer
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Mx = Maintenance



Alternative 2: Flight Line Transfer

27
Mx = Maintenance



Alternative 3: Airborne Transfer

28
Mx = Maintenance



Assumptions

ÅA1. Effects of outsourcing are negligible

ÅA2. Emergencies, hijackings, crashes are not 
considered

ÅA3. Representative subsystems can generalize 
to the entire aircraft

Å!пΦ ! ƎŜƴŜǊƛŎ άŀƎƛƴƎ ŜŦŦŜŎǘέ Ŏŀƴ ōŜ ƛƎƴƻǊŜŘ

ÅA5. The implementation time for alternatives 
is negligible
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!ǎǎǳƳǇǘƛƻƴǎ όŎƻƴǘΩŘΦύ

ÅA6. Only critical parts will be modeled

ÅA7. Only modeling part replacement 

ÅA8. Time to replace a part will not be 
considered

ÅA9. Overall safety will be assured regardless of 
alternative

ÅA10. Maintenance personnel and facilities will 
be available when needed

ÅA11. The cost of a maintenance action will not 
change with respect to time

30
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Model Design
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Mx = Maintenance



Green, Yellow, Red Assignments
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Green

Yellow

Red

Replacement is not required

Replacement is required but immediate action is not necessary

Replacement is required at next landing



Model Variables
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Aircraft

Part 1

Part 2

Part 3

Part 4

Part 5

ÅExpected Life of Part (Flight Hours)

ÅCurrent Age of Part (Flight Hours)

ÅActual Condition (R,Y,G)

ÅAssigned Condition (R,Y,G)

ÅReason for R/Y/G (Predicted Life, Fault 
Detection)

ÅNotification for Replacement (Y,N)

ÅAge of Aircraft (Flight Hours)

ÅMaintenance Trip Needed (Y,N)



Propellors/Propulsors

Navigation

Air Conditioning

Lights

Flight Controls
Landing Gear

Equipment/Furnishings

Powerplant

Stabilizers

Doors

Wings

Fuselage

Nacels/Pylons
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35

M
o

re
 F

re
q

u
e

n
t

Older Airframes

Source: FAA ςSDR Database (737 only) *Note: Part selection is not yet finalized



Data Input: Flight Length
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ςςςLognormal(2.05, 1.31)

Length of Flight (Hours)
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Source: BTS RITA:
Form T-100 data, Average Ramp-To-Ramp Times,
2008-2010



Logical System Model
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Mx = Maintenance



Alternative
Probability of 
Part Failure

Predicted Life of 
Parts 

Maximum 
Allowable 

Yellow Parts 

Number of 
Maintenance 

Stops

Number of 
Parts Replaced

Number of 
Parts Replaced 

With
Notification

Total Cost of 
Maintenance

Hangar Transfer 
(Preventative) 

Low Estimate
# hours (low) Infinity

# hours (high) Infinity

High Estimate
# hours (low) Infinity

# hours (high) Infinity

Flight Line 
Transfer 

(Condition) 

Low Estimate
Infinity # parts (low)

Infinity # parts (high)

High Estimate
Infinity # parts (low)

Infinity # parts (high)

Airborne 
Transfer 

(Condition) 

Low Estimate
Infinity # parts (low)

Infinity # parts (high)

High Estimate
Infinity # parts (low)

Infinity # parts (high)

Design of Experiment

38

Input Output



Utilities

39
Mx = Maintenance *Note: Weights will be elicited by survey



Model Verification

ÅCompare total number of R/Y/G assignments 
with expectations

ÅCompare time to part failure with available 
data

ÅCheck total number of maintenance trips for 
reasonableness
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Project Schedule

42*Task is on Critical Path



Performance and Projected Cost
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$37,875
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*Note: $50/hour (loaded rate)
757.5 hours total


